Introduction
In the course of our studies on the magnitude and orientation of electric field gradient tensors, EFGT, in benzene derivatives [1] [2] [3] we have chosen 1,2-dichloro-3-nitrobenzene, C1(1)C1(2)(N 0 2) (3)C 6H3 as one of the compounds of interest. It crystallizes well from alcoholic solution in the form of prisms. The light yellow solid was investigated by Jaeger [4] crystallographically and described as orthorhombic bipyramidal. Later it was found that 1,2-dichloro-3-nitrobenzene crystallizes in the monoclinic system [5] . The pyknometric density of the compound is 1.721 M gnT3 [4] , The question arises as to how three rather strongly electronegative substituents (two chlorines and one N O 2 group) influence the asymmetry parameter // and the orientation of the EFGT at the 35C1 sites.
Experimental
Large single crystals were grown from the melt for the 35C1 NQR spectroscopy by the Bridgeman technique. The growth direction was [100]. The crystal structure was determined at 293 K using small samples. Appropriate absorption corrections were applied. The relevant data of the structure determination are given in Table 1 .
The single crystal Zeeman split NQR measure ments were done at 294 K on the 47r-Zeeman goniometer described earlier [6] . Fourier transform technique was applied for the single crystal sudies as well as for the measurements of v(35Cl) = f(T) on powder samples. The orientation of the crystal used for the Zeeman spectroscopy was checked by X-ray diffraction. Its orientation with respect to the Zeeman coil system is shown in Figure 1 . The measurements of v(35C 1 )= /(7 ) were done by maintaining the desired temperature at the sample by a flow of temperature regulated gaseous nitrogen. x,y,z-x,y,z\ x,j + y ,j-z ; x , j -y , j + z 0<3-» The temperature was measured with a thermo couple to an accuracy of ± 0.3 K.
Results
In Table 1 the crystallographic data of Ci O q < 2>(N02) (3,C 6H 3 are given together with some experimental data. The results of the crystal struc ture determination are shown in Tables 2 -5 .  Table 2 gives the positional and thermal parameters. In Table 3 the intermolecular distances are listed. Table 4 contains the coordinates of the "best plane" through the benzene ring and the distances of the atoms of the molecule from this plane.
35C1 NQR measurements on the polycrystalline Ci (1)C1<2)(N0 2 ) (3)C 6H 3 have been reported at room temperature [7, 8] and at 297 and 90 K [9] . The temperature dependence over the entire range from 77 K to the melting point (334 K) is shown in Figure 2 . There is no evidence of a phase transition in that range. Rationalisation of the curve v(35Cl) =f(T) according to v(35Cl) = X ai Tl yields the values given in Table 5 . ' Figure 3 shows the zero splitting positions 5 0, (po for the two chemically (and therefore also crystallographically) inequivalent Cl-atoms. Due to the 4 n geometry of the Zeeman goniometer all zero-splitting cones for the 4 atoms of C l(1) as well as the 4 atoms of C l(2) of the unit cell (Z = 4, see Table 1 ) are experimentally located. The cones connected by the operation i are of course indistinguishable from each other. By the usual procedure from the zero- The results are shown in Table 6 . An important finding from Zeeman split NQR is the orientation of the EFGT with respect to the crystal axes. In Table 7 the direction cosines of the Table 8 . Angles between the principal axes of the EFGTs and structure elements (bonds, normal to the ring plane n etc.). FGT principal axes and the corresponding bonds ( C^-C 1 0)) are given with respect to the orthogonal system X, Y, Z (see Figure 1) . The direc tion cosines are defined in the usual way, e.g. ÄU)=cos(4>vv,X), v=x,y,z. To aid the discussion, the results given in Table 7 are transferred into angles in Table 8 .
around the C (3)-N (3) bond, 0 (3,l) and 0 (3,2) being below and above the ring plane, respectively. The twist angle of the N O 2 group against the ring plane is 53.4°.
The 35C1 NQR measurements show the following features: The temperature dependence of the 35C1 NQR frequencies of C l(,) and C l(2) is "normal" (see Fig. 2 and Table 5 ). Without knowledge of IRRaman spectroscopic data, the change of the density with temperature, and the variation of the molec ular geometry as a function of temperature a detailed discussion of v(35Cl) = f (T) within the frame work of the Bayer theory is probably not worthwhile.
As observed for all 35C1 EFGTs of Cl atoms bound to carbon atoms, the direction of is dominated by the bond direction C^-C l^. As reported for 2,6-Cl2C6H3NHCOCH3 [3] , 2,3,6-Cl3C6H2OCOCH3 [1] , and l-C l-3-N 02C 6H4 [2] , there is a difference between the angle ( C^-X^, C^+1>-X (7+1)) observed by X-ray diffraction and the angle ( 0^, C (J+1)-X <7+1)) and the angle (&ZZ, ^rz+l)) observed by single crystal NQR. The effect is also seen but is less pronounced while comparing the angle ( C^-X^, C (;+1)-X (7+1)) (X-rays) with <{<!>$, C u+])-X u+l)). We explain
Discussion
The crystal structure is shown in a projection along the shortest crystal axis a in Figure 4 . The molecules are tilted a little against the plane (100) and a van der Waals packing is observed. The length of the short axis a is 381 pm, corresponding to the van der Waals thickness of a dichloronitrobenzene molecule. In Fig. 5 the intramolecular dis tances and angles are shown. It is seen that the C -C distances are not equal within the benzene ring. There is a small stretching of the bonds C (1)-C (2) and C (2)-C (3), which is reflected by a contraction of the angle £ (C (1)-C (2)-C (3)) from 120° to 117° and a widening of the angle £ (C (2)-C (3)-C (4)) from 120° to 122.5°. One can also observe a weak tendency of the benzene ring to deform to a boat form; C (1) and C (4) are slightly below the average plane of the ring. C l(1) follows this de viation, being 8 pm below the plane, whereas the out-of-plane position of C l(2) is less pronounced and N (3) is again in plane. The N 0 2 group is rotated Fig. 4 . Projection of the crystal structure of 1,2-dichloro-3-nitrobenzene along [100] . The molecule numbered by I is the one for which the coordinates are given in Table 2 . this observation by assuming a repulsion of the electron clouds of X^ and X^+1), which affects the outer shell electrons more strongly than the closed shell electrons. While X-ray diffraction weighs all electrons equally, NQR almost neglects the core electrons. To a first approximation a widening of the angles observed by 35C1 NQR with respect to the diffraction results is expected. From Table 8 it is seen that £ (<Z>^, < 2> 12)) is 0.7° larger than the corre sponding bond angle (C (1)-C 1 (1), C (2)-C 1 (2)). Simi larly the angle C (3)-N (3)) is 0.7° larger than the corresponding angle (C (2)-C 1(2), C (3)-N (3)).
In the discussion and in the figures we handle the principal axes <PXX, < P yy, <PZ Z as if they were vectors even though they have second rank tensor proper ties. This is done to avoid the ± signs and to corre late them directly to the direction cosines given in Table 7 , where the signs are chosen in such a way that <P Z Z I C -C l, etc.
In Fig. 6 the molecule C1(1)C1(2)(N0 2) (3)C 6H 3 is projected along the axis. It is seen that &i] * is perpendicular to the ring plane, deviating a little (2.08°) from the normal n of the best plane through the ring. 0 $ is tilted slightly more; the angle £ (« , </>$) is 5.32°.
is almost in the plane of the benzene ring at an angle 90.07° with the normal n, as shown in Figure 7 . Similarly is also deviating a little from the benzene plane; the angle (w, <P$) is 95.11 °. In comparison to <P"j, the more pronounced rotation of the axes 0 $ with respect to the normal n is due to the polarizing action of the oxygens 0 (3,1) and 0 (3,2). We observe that the larger nuclear quadrupole coupling con stant of C l(2) compared to that of C l(l) is accom panied by a larger increase of /7 (35C1) from 0.129 to 0.153.
The /7-values of C l(1) and C l(2) are in the range usually found for aromatic systems. The fact that a;(Cl(2)) is considerably larger than //(Cl(l)) may be due to two reasons:
(i) C l<2) is located between two polarizing neigh bours, C l(l) and the N 0 2 group, which may lead to a larger deformation of the charge distribution than for C l(1), which has only one such neighbour.
(ii) C l(2) is in ortho position to N 0 2 and to C l(1), leading to a higher NQR frequency, in agreement with the Hammett cr-values. From the 35C1 data of aromatic systems obtained by Zeeman split NQR it is found that the cr-relation holds for e2&2ZQh~l (35C1). It seems that some kind of such a relation exists for rj values, too. Of course more reliable experimental data for a number of compounds must be obtained to prove this assumption.
